Advanced modelling of a borehole radar environment with the finite difference time domain method by Futter, Peter W.
Advanced Modelling of a Borehole
Radar Environment with the Finite
Difference Time Domain Method
Peter W. Putter
Thesis presented in partial fulfilment of the requirements
for the degree of Master of Science in Engineering at the
University of Stellenbosch.
Advisor
Prof. David B. Davidson
December 2001
- Declaration -
"I, the undersigned, hereby declare that the work contained in this thesis is my own
original work and that I have not previously in its entirety or in part submitted it at any
university for a degree."
Signature ..?~ ... ............... Peter W. Futter
Date .'l(,..~.\\.~ ..a.~.t.. .....
Abstract
Over the last decade, as the mining industry of South Africa is moving
to ever deeper mines, the borehole radar is becoming an increasingly im-
portant field of research.
In December 2000, Burger completed his thesis on Electromagnetic Mod-
elling of a Borehole Radar Environment with the FDTD Method. The
goal of this thesis is to extend the research presented in Burger's thesis,
considering how more advanced modelling techniques can be applied to
the FDTD analysis of the borehole radar environment.
Some of these techniques include implementation of dispersive and con-
ductive material models, and developing Uniaxial Perfectly Matched
Layer boundary conditions for matching these model. Simulations were
run to measure the performance of these boundary condition for match-
ing dispersive and conductive materials.
The thesis also includes the implementation of a parallel version of the
FDTD algorithm using the Message Passing Interface library.
Finally several realistic borehole models where simulated to test the ac-
curacy of the code and to show how the code can be used to model real
world problems.
i
Opsomming
Gedurende die laaste dekade, soos die Suid-Afrikaanse myn industrie al
hoe dieper myne gebou het, het die boorgat radar 'n belangrike navors-
ingsveld geword.
Burger se Meersters graad tesis, Desember 2000, het gehandel oor die
electromagnetiese modellering van die boorgat radar omgewing met die
Eindige Verskil Tyd Gebied [EVTGj tegniek. Die doel van die huidige
tesis is om Burger se werk verder te voer, deur die toepassing van meer
gevorderde modellerings tegnieke op die EVTG analise van die boorgat
radar omgewing te ondersoek.
Sommige van hierdie tegnieke sluit in: die implimentering van dispersiewe
en geleidende materiaal modelle en die ontwikkeling van 'Uniaksiaal, Per-
fek Aangepaste Laag' rand voorwaardes om hierdie modelle mee aan te
pas. Simulasies is uitgevoer om die effektiwiteit van hierdie randvoor-
waardes vir die aanpassing van dispersiewe en geleidende materiale te
evalueer.
Die tesis sluit ook 'n parallele implimentering van die EVTG algoritme
in, wat gebruik maak van die 'Message Passing Interface' funksie biblio-
teek.
Ten slotte is 'n paar realistiese boorgat modelle gesimuleer om die
toepassing van die kode op praktiese probleme te demonstreer en om
die akkuraatheid daarvan te evalueer.
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